In a lo-year survey started in 1980, specimens from 8,995 bovine abortions and stillbirths were submitted to the South Dakota Animal Disease Research and Diagnostic Laboratory. Of these, 8,962 were suitable for some type of examination. Bacteria were determined to be the cause of 1,299 (14.49%). The 5 bacteria most commonly associated with bovine abortion or stillbirth were Actinomyces pyogenes, 378 (4.22%); Bacillus spp., 321 (3.58%); Listeria spp., 121 (1.35%); Escherichia coli, 98 (1.09%); and Leptospira interrogans, 79 (0.88%). Twelve other genera of bacteria were associated with ≥ 10 abortions or stillbirths, and 12 more species were associated with ≤ 10 abortions or stillbirths.
microscopic lesion. Pleocellular to purulent bronchopneumonia was usually present. In fetuses <6 months of gestation, small ( ≤ 1 mm) white spots occasionally were present in the lungs. Microscopically, these were massive bacterial colonies unaccompanied by inflammation.
When placenta was not available for examination and lesions were not found in fetal tissues, isolation of A. pyogenes from the stomach content or fetal tissues was considered diagnostic. Because A. pyogenes is a common postparturient invader of the uterus, especially when the placenta is retained, 4 isolation of A. pyogenes from only a retained placenta was considered conclusive evidence that A. pyogenes caused the abortion only if it was accompanied by suppurative placentitis. Even use of this criterion may not make results totally accurate because retained placentas often had collections of neutrophils on or near the surface of the cotyledon, which made it impossible to determine whether or not inflammation was present before or developed after the abortion occurred.
Bacillus spp.
Bacillus spp. were reported as causes of ovine abortion in Australia as early as 1968. 21 The etiologic role in cattle and sheep was demonstrated in this country in 1972 in a trial in which large intravenous doses of B. cereus were necessary to overcome the immunity of normal heifers and cause abortion. 26 In the abortion survey reported herein, B. licheniformis caused abortion as often as or perhaps more often than B. cereus.
The abortions were sporadic, and in 16 randomly selected cases of Bacillius spp. abortion, 3 were associated with a concomitant BVDV infection.
Most fetuses aborted because of Bacillus infection were in the last 2 months of gestation. At necropsy, the fetus usually was not autolyzed. Fibrinous peri-tonitis and/or pleuritis often were present. Fibrinous pericarditis with adhesions of the pericardium to the epicardium occurred more commonly with Bacillus infection than with any other bacterial infection, but this lesion did not occur consistently. Gross placentitis with thickening of the allantochorion occurred consistently, and the fetal side of the placenta often was orange-brown, with the texture of Moroccan leather. Microscopic lesions of pleocellular placentitis, bronchopneumonia, and pericarditis/epicarditis were characteristic. Colonies of large bacilli were present in these lesions. Chronic-active inflammation, neovascularization, fibroplasia, and fibrin exudation characterized the epicardial lesions.
Listeria spp.
Listeria monocytogenes was first reported as a cause of bovine abortion in 1939. 8 This organism occurs commonly in the environment of cattle, and it has been isolated from the feces of normal humans and other animals. 25 It apparently multiplies in poorly preserved silage, which becomes a frequent although not the only source of infection. Listeria monocytogenes was isolated from mice fed Ponderosa pine needles, but a consistent connection between listeriosis and pine needle abortion has not been established. 1 Our records indicated that often only a single cow in a herd aborted from Listeria infection, but occasionally up to 10% of the cows in a herd were affected. The aborted conceptus and the discharges from the reproductive tract of an aborting cow provide further sources of infection. Listeria was reported to have been isolated from the uterine discharges of an experimentally infected cow for 13 days after abortion. 15 When conditions are right for the contamination of feed and water, the abortion of a single cow from Listeria infection could result in an epidemic. Infected cows often have fever and anorexia prior to aborting, and postparturient complications sometimes include retained placenta, pyometra, septicemia, and occasional death. 15 Signs of central nervous system involvement seldom occur in a herd along with abortions. 13 Listeria abortions occur at all stages of gestation, but fetuses <4 months of gestation were seldom presented to the laboratory. Although birth of live infected calves has been reported, 14, 15 the fetuses examined at the South Dakota Diagnostic Laboratory almost always were autolyzed and somewhat decomposed. Necropsy usually revealed a shrunken, gray liver with small ( ≤ 1 mm diameter), indistinct white spots under the capsule. Microscopically, there was multifocal, necropurulent hepatitis and placentitis, but these lesions sometimes were obscured by autolysis.
Listeria was easily isolated from fetal stomach content and tissues on blood agar incubated aerobically. However, special enrichment procedures are sometimes necessary to isolate the organism from uterine discharges and maternal tissue samples. 14, 15 Listeria ivanovii has been implicated in bovine abortions, 2 but in the South Dakota survey the isolates were not identified to species.
Escherichia coli
Experimental evidence that E. coli causes bovine abortion was not found in the literature. However, this organism is present in pure or nearly pure culture so often in aborted fetuses that have compatible lesions that its involvement in the abortions cannot be ignored. The fact that it is the fourth most common bacterium implicated in bovine abortions probably can be attributed to its prevalence in the environment of cattle.
The aborted fetuses were usually moderately to severely autolyzed, and often there was bacterial decomposition with gas bubbles in the tissues and an unpleasant odor. Fibrinous peritonitis and/or pleuritis were often present, as were purulent placentitis and/ or pneumonia. Because E. coli may invade a dead fetus after the cervix has opened, a diagnosis of E. coli abor-tion was not made unless compatible lesions indicating inflammation were present and no other likely etiologic agent was detected.
Leptospira interrogans
Leptospira interrogans serovars pomona and hardjo were first associated with bovine abortions in the USA in 1955 16 and in 1964, 23 respectively. Other serovars of L. interrogans have been associated with bovine abortions much more rarely in this country. Because of the semiarid nature of most of the region covered by the abortion survey, leptospirosis probably occurs less frequently here than in more moist regions. However, the disease probably is more prevalent than is indicated by the results of this survey. As previously indicated, the methods used for diagnosing leptospirosis leave something to be desired. 10 Fetuses positive on the fluorescent antibody (FA) test for leptospirosis usually were slightly to moderately autolyzed, and gross lesions were seldom found. FA-positive kidneys were cultured retrospectively for leptospires. On the rare occasions when these attempts were successful, the isolates were submitted to the National Animal Disease Center, Ames, Iowa, for identification. Fetuses infected with serovar pomona often had mild icterus, and occasionally mild placentitis and/ or interstitial nephritis were present on microscopic examination. The rare fetus infected with serovars icterohaemorrhagiae or grippotyphosa often had gross and microscopic lesions of the kidney. Often, microscopic lesions were not apparent in FA-positive fetuses.
Campylobacter spp.
Campylobacter spp. have been associated with bovine reproductive failure since 1918. 22 Association may have been made prior to this, however; but because of numerous changes in nomenclature of species and subspecies in this genus, it is very difficult to determine which species was involved in various reports in the literature. Some of the Campylobacter isolated from aborted fetuses in this survey failed to fill all the recommended biochemical criteria 7 that would place them in one species or subspecies. As an aggregate, Campylobacter spp. was found responsible for 0.62% of the abortions. However, Campylobacter fetus ssp. venerealis differs from the other involved species in that it is transmitted venereally rather than orally, and the major signs are temporary female infertility and occasional epidemic abortions rather than enteritis and occasional sporadic abortions. The prevalence of abortions caused by C. fetus ssp. venerealis has decreased markedly from an earlier survey, 12 and the proportion of Campylobacter abortions caused by C. fetus ssp. fetus and C. jejuni has increased.
Most of the fetuses that were aborted because of Campylobacter infection were between 6 and 8 months of gestation. They generally were not autolyzed, and occasionally the lungs were partially expanded. Mild fibrinous peritonitis and/or pleuritis and mild hemorrhagic placentitis often were present. Frequently, the liver was ruptured, with subsequent hemorrhage into the abdominal cavity. Because this lesion also occurred in calves alive when aborted at 6-8 months of gestation because of causes other than Campylobacter, it may be assumed that the rupture was caused by the lack of preparation for birth by the dam and the large size of the liver in relation to the size of the calf at this stage of gestation. The microscopic lesions seen most often were suppurative bronchopneumonia, multifocal necrotizing hepatitis, and necrosuppurative placentitis with vasculitis.
Brucella abortus
Brucella abortus is undoubtedly the best recognized and most studied bacterial cause of bovine abortion, and until the cooperative federal-state eradication program greatly reduced its prevalence, it was probably the most significant infectious cause of bovine abortion in the USA. In this survey, the last abortion caused by B. abortus was recorded in 1987. The characteristics of this disease have been described extensively elsewhere?
Anaplasma marginale
The prevalence of anaplasmosis is very low in the geographic area included in this survey. In both cases where anaplasmosis was diagnosed as the cause of abortion, case history showed that the affected cattle had been recently purchased from an area where the prevalence of the infection is high. Clinical, hematologic, and serologic examinations of the affected dams confirmed that they had anaplasmosis.
Miscellaneous bacteria
Several species of bacteria known to cause septicemia and/or localized lesions in adult cattle, i.e., Pasteurella spp., Salmonella spp., Haemophilus somnus, Streptococcus spp., Staphylococcus spp., Corynebacterium pseudotuberculosis, Yersinia pseudotuberculosis, Ureaplasma diversum, etc., also cause abortions. The frequency with which they were involved in this study may be related to their virulence and their prevalence in the environment. These organisms generally caused sporadic abortion often in the absence of recognized signs or lesions of the infection in the dam. In these instances it may be assumed that either the signs by the director of the Agricultural Experiment Station, South or lesions were present but undiscovered or that after Dakota State University, as journal series No. 2654. the infectious agent reached the conceptus through the References circulation, it was eliminated by the cow's defenses before lesions were produced. The lesions in the aborted fetuses were consisted not unique and centitis and/or s mainly of broncho-suppurativ e pla pneumonia. and its placenta are particularly susceptible to infection even by organisms with low virulence. Immune reaction is suppressed at the junction of the fetal and maternal placentas to prevent rejection of the fetal placenta. The nature of this suppression is not understood, but it may be caused or partially caused by a soluble serum protein such as alpha fetoprotein, pregnancyassociated protein, or alpha regulatory protein. 20 If this is the case, any infectious agent that is able to reach the junction of the maternal and fetal placentas could be free to multiply and cause lesions unhindered by immune reaction. Under these immunologic conditions, opportunistic saprophytic fungi and bacteria of low virulence may cause abortion. Most of these types of organisms would be cleared quickly from the circulation by the reticuloendothelial system of an adult cow with normal immunity. 19 Therefore, in many cases, cows may be predisposed to abortions caused by these bacteria by some immunosuppressive condition. There is evidence in mice that pregnancy itself may be somewhat immunosuppressive. 9 Infection with BVDV is known to be immunosuppressive, 18 and Bacillus spp. were isolated from the blood of cattle artificially infected with BVDV. 17 This and the fact that BVDV infections often occur concurrently in bacterial abortions suggest that BVDV infection may be one of the immunosuppressive conditions that often affect pregnant cows. 
